Essential oils from Ocimum basilicum L. and Coriandrum sativum L. varieties originating from Turkey were investigated for their antimicrobial properties. The antimicrobial effects of the oil varieties were evaluated by the disc diffusion and minimum inhibitory concentration (MIC) methods against eight bacteria and three fungi. The compositions of the essential oils were analyzed and identified by GC and GC-MS. O. basilicum, C. sativum var. macrocarpum and var. microcarpum oils revealed the presence of linalool (54.4%), eugenol (9.6%), methyl eugenol (7.6%); linalool (78.8%), γ-terpinene (6.0%), nerol acetate (3.5%); and linalool (90.6%), and nerol acetate (3.3%) as the major components, respectively. The oils exhibited antibacterial activity ranging from 1.25 to 10 µL disc -1 against the test organisms with inhibition zones of 9.5-39.0 mm and minimal inhibitory concentrations values in the range 0.5-≥1µL/L. Linalool, eugenol, and methyl eugenol at 1.25 µL disc -1 had antimicrobial effects on all microorganisms, giving inhibition zones ranging from 7 to 19 mm.
The use of essential oils (EOs) as antimicrobial agents and as part of the human diet, combined with their biodegradability suggest low toxic residue problems. A number of EO components have been registered by the European Commission for use as flavorings in foodstuffs [10] . The flavorings registered are considered to present no risk to the health of the consumer. The EU registered flavorings also appear on the Everything Added to Food in the US list [11] , which means that the United States Food and Drug Administration (FDA) has classified the substances as Generally Recognized As Safe (GRAS) or as approved food additives [12] . The present work was undertaken with the main objective of investigating the bioactivity of the linalool-rich essential oils of Ocimum basilicum and Coriandrum sativum varieties from Anatolia.
The relative amounts (%) of the components of O. basilicum, C. sativum var. macrocarpum and C. sativum var. microcarpum essential oils, calculated from GC peak areas, are reported in Table 1 . Linalool was the main component of the three oils (54.5% in O. basilicum, 78.8% in C. sativum var. macrocarpum and 90.6% in C. sativum var. microcarpum). There are two isomers of linalool, (S)-linalool and (R)-linalool. (S)linalool is the major component of coriander oil (C. sativum), and (R)-linalool of Ocimum oil [13] [14] [15] . Phenylpropanoids [eugenol (9.6%), methyl eugenol (7.6%)] and sesquiterpenes [germacrene D (5.2%) and tau-cadinol (8.4%)] are the other major components of basil oil. Nerol acetate (3.4-3.5%) and α-pinene (2.9-3.1%) were other major constituents of coriander oil, but γ-terpinene with 6.0% was the second major component of the oil of var. macrocarpum, after linalool.
There are different chemotypes of Ocimum species; linalool is the major component of sweet basil varieties. There are Ocimum varieties with high linalool contents [6, 16] , but other varieties have methyl eugenol as their major component. Coriander fruit oil also has linalool as its main constituent, although the herb oil has a different aroma and components, such as decanal and E-decanal [17] .
The main components of the oils were different, but some of the minor components were present, although at different levels, in both preparations. In particular, the main components of O. basilicum, C. sativum var. macrocarpum and C. sativum var. microcarpum were linalool (54.5%), eugenol (9.6%), methyl eugenol (7.6%); linalool (78.8%), γ-terpinen (6.0%), nerol acetate (3.5%); linalool (90.6%), and nerol acetate (3.3%), respectively.
The antimicrobial activities of the essential oils from O. bacilicum leaves, and the fruits of the two Coriandrum varieties, at four different concentrations, were compared with those of the reference antibiotics ampicillin, gentamycin, and izokonazol, and the isolated compounds linalool, eugenol, and methyl eugenol (Tables 2 and 3 ). All the test microorganisms were sensitive to the essential oils.
It was evident that both the antibacterial and antifungal activities greatly increased with increase in oil concentration from 1.25 to 10 µL disc -1 . The essential oils of O. bacilicum and both varieties of C. sativum exhibited strong antimicrobial activity, showing inhibition zones of 30.6 to 39.0 mm (mean: 33.1 mm), 22.1 to 36.5 (mean:29.7), and 18.4 to 29.3 (mean: 24.2) against all the microorganisms tested at 10 µL disc -1 , Compounds listed in order of elution from a BPX5 MS column, RI, retention index CoI, co-injection. a Retention Index; b Relative percentage obtained from peak area.
respectively. The most active oil against all microorganisms was that of sweet basil. Most of the antimicrobial activity of essential oils has been claimed to be due to phenolic compounds [18] . Purified compounds, such as eugenol and linalool, inhibited a variety of microorganims [19] . However, individual essential oils frequently contain complex mixtures of such compounds, and little is known about the effect of interactions between the individual constituents on antimicrobial activity. Interactions between antimicrobials may lead to additive, synergistic or antagonistic effects [20] .
Results obtained from the disc diffusion method, followed by measurement of minimum inhibitory concentration (MIC), indicated that E. coli and S. aureus were the most sensitive microorganisms, with inhibition zones ranging from 37.3 to 39.0 mm and with lowest MIC values (0.5 µg/mL) observed against S. hemoliticus, R. rubra and K. marxianus. Matasyoh et al. [21] found that the essential oil of C. sativum leaves had antibacterial and antifungal effects against all the microbes tested, except P. aeruginosa, which showed resistance.
Hussain et al. [22] reported that the essential oil of O. bacilicum at 15 µL disc displayed strong antimicrobial activity against all the tested microorganisms. The same researchers showed that linalool had strong antimicrobial activity (MIC values, 0.3-1.9 mg/mL). Also, Pattnaik et al. [23] found that linalool, the main constituent of thymus oil (39% linalool), demonstrated strong inhibitory effects against 17 bacteria and 10 fungi. Our findings support these data.
Most of the antimicrobial activity of essential oils derived from spices and culinary herbs have been reported to be due to phenolic compounds, while other constituents are believed to contribute little to the antimicrobial effect [24] [25] [26] . Purified compounds derived from essential oils, such as carvacrol, eugenol, linalool, cinnamic aldehyde and thymol, inhibit a wide variety of microorganisms [19] . Individual essential oils may contain complex mixtures of such compounds, but little is known about the effect of interaction between the individual constituents on antimicrobial activity. Interactions between antimicrobials may lead to additive, synergistic or antagonistic effects [20] . Didry et al. [27] observed synergistic activity between carvacrol and thymol. Lachowicz et al. [28] used an impedance method to determine the time required for Lactobacillus curvatus and Saccharomyces cerevisiae to initiate growth in the presence of linalool and methyl chavicol, the main components of basil essential oils.
Mixtures containing higher concentrations of methyl chavicol increased the time required to initiate growth, but there was no evidence of synergy between the compounds. Furthermore, the crude essential oil was significantly more effective than any of the mixtures, suggesting that other components of basil contribute to the antimicrobial activity [18] . The antimicrobial activities of essential oils from O. basilicum may be due, in part, to the presence of a high content of linalool [19, [29] [30] [31] [32] . Table 3 indicates the MICs of several components and pure constituents of standard oils. It is evident from the table that eugenol (mean: 17 mm of DIZ) was the most effective, followed by linalool (mean: 10 mm), and methyl eugenol (mean: 7.7 mm) against all test microorganisms. Linalool, eugenol and methyl eugenol had antimicrobial activity shown by inhibition zones ranging from 7 to 19 mm, except against P. aeruginosa, R. rubra, and K. marxianus, at a concentration of 1.25 µL disc -1 . The strongest standard compound was eugonol, which produced inhibition zones of 15-19 mm against all organisms. MIC values for eugenol ranged from 0.5 to >1 µL mL -1 against E. coli, S. typhimurium, and Listeria monoyctogenes [33] . Wang et al. [34] reported that eugenol was a major phenolic component of clove oil and demonstrated its effectiveness against wood decay fungi. Our results showed a strong similarity with these reports.
We also investigated the correlation of essential oils against microorganisms for DIZ values at concentrations of 1.25, 2.50, 5 and 10 µL disc -1 (Table  4 ). These significant correlations show that these essential oils have inhibitory effects against all the microorganisms. The pure compounds tested (linalool, eugenol and methyl eugenol) and the reference antibiotics (ampicillin, gentamycin, izokonazol) had inhibitory effects on all the microorganisms investigated in this study (Tables 3 and 5 ). Linalool, eugenol and methyl eugenol rich essential oils showed antimicrobial activity against pathogen and saprophytic microorganisms and, therefore, can be used as preservatives in the food industry for increasing the shelf life of foodstuffs.
Experimantal
Plant materials: Coriandrum sativum var. vulgare or var. macrocarpum Alef., C. sativum var. microcarpum DC and Ocimum basilicum were tested in this study. Herbarium and seed samples of the species are deposited in the medicinal plants herbarium and seed collection of the Agriculture Faculty of Gaziosmanpasa University. The species were cultivated in the botanical garden of the same university during 2008. Essential oil was isolated from fully mature fruits of the coriander varieties, and from leaves of O. basilicum. Coriander fruits were crushed before distillation. Ocimum leaves, harvested during the blooming stage, were air dried before distillation.
Isolation and analysis of essential oils: Essential oils were isolated by hydrodistillation using a Clevengertype apparatus for approximately 4 h (for coriander), and 2 h (for basil). The essential oils were stored in dark glass bottles for analysis and antimicrobial studies.
Gas chromatography (GC) analysis:
GC analyses of the essential oils were performed using a Perkin-Elmer Clarus 500 model Autosystem GC with built-in autosampler. Oil diluted in acetone (1:10) was injected into a BPX5 column (30 m × 0.25 mm×0.25_mm film). Helium was the carrier gas at 5 psi inlet pressure. Injector and detector (FID) temperatures were 230 o C and 250 o C, respectively. The column temperature was programmed from 60 to 230 o C at 3 o C/min with the initial and final temperatures held for 5 min and 15 min, respectively. Diluted samples of 1.0 mL were injected in the split/splitless (5:1) mode. Quantitative results were obtained electronically from FID area percent data without using any correction factors.
Gas chromatography-mass spectrometry (GC-MS)
analysis: GC/MS analyses were performed on a Perkin-Elmer mass spectrometer with a built-in autosampler using a BPX5 column (30 m×0.25 mm × 0.25 mm film). For GC-MS detection, an electron ionization system was used with an ionization energy of 70 eV. Helium was the carrier gas, at a flow rate of 1.3 mL/min. The oven temperature programming was the same as that for the GC analysis. Injector and MS transfer line temperatures were set at 230 o C and 250 o C, respectively. Diluted samples (1/10 in acetone, v/v) of 1.0 mL were injected in the split/splitless (5:1) mode.
Identification of oil components was achieved using the authentic standards available in our laboratory, their retention indices (determined with reference to homologue series of normal alkanes), and by comparison of their MS fragmentation patterns (WILEY and NIST database/ChemStation data system). 
Microorganisms tested:

Disc diffusion method:
Antimicrobial activities of the essential oils were determined using the agar-disc diffusion method. The bacteria were first incubated at 37±0.1 o C for 24 h in nutrient broth (Difco), and the yeasts in Sabouraud dextrose broth (Difco) at 25±0.1 o C for 24 h. After injecting cultures of the bacteria and yeast (0.1 mL; 10 6 cfu/mL for bacteria and 10 5 cfu/mL for fungi) into Petri dishes (9 cm), 15 mL of Mueller Hinton agar (MHA, Oxoid) and Sabouraud dextrose agar (SDA) (sterilized in flask and cooled to 45-50 o C) were homogenously distributed onto the sterilized Petri dishes [35] [36] [37] . All tests were performed in triplicate. Sterilized blank paper discs, 6 mm in diameter, were saturated with 1.25, 2.5, 5, and 10 µL of essential oil per disc, and then placed onto the agar plates, which had previously been inoculated with the above organisms. Blank paper discs treated with ampicillin/gentamycin (25, 50, 100, 150 µL mL -1) and izokonazol (10, 50, 100 µL mL -1 ) were used as positive controls. Discs impregnated with linalool, eugenol and methyl eugenol (1.25, 2.5, 5, and 10 µL disc -1 ) were also tested. The diameters of the inhibition zones were measured in mm. Tests were carried out in triplicate. Values are presented as means ±SD of 3 parallel measurements.
Microbiological numbers: Microbial numbers were determined by standard plate counts, using plant count agar and potato dextrose agar (Difco Laboratories). Plates were incubated at 25 o and 37 o C and colonies arising after 24-72 h were counted [38] .
Determination of minimum inhibitory concentration (MIC):
A broth micro-dilution susceptibility assay was used, as recommended by NCCLS, for the determination of the MIC of the essential oils [45]. All tests were performed in MHB supplemented with Tween 80 detergent [final concentration of 0.5% (v/v)], with the exception of the yeasts (SDB+Tween 80). Bacterial strains were cultured overnight at 37 o C in MHB, and the yeasts overnight at 25 o C in SDB. Geometric dilutions ranging from 0.4,0.5,0.6,0.7,0.8,0.9 and 1 µg/mL of the essential oils were prepared, including one growth control (MHB+Tween 80) and a sterility control (MHB+Tween 80+test extract). Test tubes were incubated under normal conditions at 37 o C for 24 h for bacteria and at 25 o C for 48 h for the yeasts. The bacterial growth was indicated by the presence of a white "pellet" on the well bottom.
Statistical analysis:
All experiments were carried out at least in triplicate and statistical analysis was performed using SAS procedures [39] . DIZ (Diameter Inhibition Zones) and MIC data were first analyzed by Analysis of Variance (ANOVA) using GLM procedure. CORR was used to determine correlation coefficients between DIZ/MIC data.
